Objective : Early rebleeding after coil embolization of ruptured intracranial aneurysms is rare, however serious and fatal results of rebleeding have been reported. We studied the incidence and angiographic and clinical characteristics of rebleeding of ruptured aneurysms occurring in the immediate postoperative period after coil embolization.
INTRODUCTION
Coil embolization is a safe and effective treatment for unruptured and ruptured intracranial aneurysms. 
MATERIALS AND METHODS

Patient population
Between Radiological changes observed between brain CT scans performed immediately after embolization and those performed during follow-up were analyzed by an experienced neuroradiologist. Each patient's clinical condition at admission was evaluated according to the Hunt-Hess grading system, and SAH conditions were examined using the Fisher grading system. The radiological characteristics of the aneurysms and the coiling procedures were reviewed carefully on the basis of DSA and 3 DRA findings. The outcomes were classified using the Glasgow Outcome Scale (GOS).
Endovascular treatment
Coil embolization was performed immediately after diagnostic DSA, which was typically on the day of 
RESULTS
Rebleeding after coil embolization occurred in 7 In one interesting case a size and morphological discrepancy of the aneurysm was observed between computed tomography angiography (CTA) and DSA in patient No. 6. Brain CT showed a large amount of SAH (Fig. 1A) , and CTA showed an elongated aneurysm (Fig. 1B) with a dome-to-neck ratio of 2.47 (neck diameter, 1.44 mm; neck-to-dome diameter, 3.57 mm).
However, 3 DRA performed after CTA showed a small saccular aneurysm (Fig. 1C, D) with a dome-to-neck ratio of 1.83 (neck diameter, 1.22 mm; neck-to-dome diameter, 2.24 mm). The aneurysm was treated successfully using 3 detachable coils with no neck and lumen remnants (Fig 1E) . Unfortunately, sudden dete- mentality or worse symptoms, and 3 of these patients were in a coma. Although we tried to secure the aneurysms and stabilize the brain condition, rebleeding patients showed a very poor outcome (GOS 1,
85.7%, 6/7).
Illustrative case (patient no. 7)
A 58-year-old male presented with decreased consciousness after a sudden headache (HHG III). Brain CT showed a dense SAH ( Fig. 2A) , and CTA showed a saccular aneurysm of the ACoA (Fig. 2B ). Emergency cerebral DSA was performed, and 3DRA showed 2
ACoA aneurysms located in the superior (Fig. 2C , D) and anterior (Fig. 2E, F) directions. Under general anesthesia, the 2 ACoA aneurysms were embolized using detachable coils, with no evidence of neck remnants (Fig. 2G, H) , and the patient recovered well with a nearly alert mental status. However, there was a risk of thrombus formation because a coil loop protruded into the ACoA (Fig. 2H) , and therefore, LMWH was administered intravenously in the postoperative period. Eight hours after coil embolization, the patient presented with a comatose mentality, and brain CT showed increased SAH in the basal cistern.
Follow-up DSA performed immediately showed contrast leakage from the ACoA aneurysm in the anterior direction (Fig. 2I) . The aneurysm was secured by per- forming additional coil embolization (Fig. 2J ) and decompressive hemicraniectomy. Unfortunately, the patient died 6 days after rebleeding.
DISCUSSION
In this study, the incidence of rebleeding after coil embolization for ruptured intracranial aneurysms was 2.1% of 7 patients among 330 patients. This incidence rate was similar to those reported in previous studies.
The Cerebral Aneurysm Rerupture After Treatment study reported a 1.9% incidence rate of rebleeding after aneurysm treatment using coiling and clipping. 7) In that study, the risk of rebleeding after coil embolization was greater than that after clipping (3.4% after coiling vs. 1.3% after clipping), and the median time to rebleeding was 3 days. 7) Recently, 2 large retrospective studies evaluated the incidence of rebleeding after coiling of ruptured intracerebral aneurysms.
4)8)
Kang et al. 8) reported the incidence of rebleeding as 1.0% (6 of 591 patients) and reported that rebleeding occurred within 24 h in all cases and no further episodes of rebleeding occurred after the first 24 h. In another study the rebleeding rate was 1.1% (13 patients), and of the 13 patients, 10 experienced rebleeding within 3 days after coil embolization. 4) Similarly, in the current study, all rebleeding cases occurred within 3 days after coiling. Our study confirmed that recurrent hemorrhage after coiling occurred most often within 3 days after coil embolization, and careful management and neurological workup should be performed during this period.
The risk factors known to influence rebleeding are incomplete embolization, anticoagulant or thrombolytic agent use, coil compaction, and coil migration. Coil compaction and coil migration were reported to show association with delayed rebleeding, 4) whereas incomplete embolization of ruptured aneurysms is a strong risk factor associated with early rebleeding. Table 1 ). Small aneurysm size has been reported as a risk factor for rebleeding. 16) Overestimated coil packing density and masking of contrast filling into the aneurysm after coil embolization could explain the reason why small size was a risk factor. Hemodynamic stress due to A1 segment hypoplasia and small aneurysm could lead to some synergic effect on rebleeding after coil embolization.
In this study, rebleeding patients showed a very poor outcome. Only 1 patient showed a good outcome (GOS 4), and the remaining 6 patients showed poor outcomes (GOS 1). Most previous studies have reported very poor outcomes in rebleeding patients.
1)2)4-6)8) [16] [17] [18] In particular, the outcomes of early rebleeding were worse than those of delayed rebleeding. 4) Our study has some limitations. This was a retrospective study and was subject to selection bias and deviations. In addition, the sample size was small, and statistical analysis was not possible.
CONCLUSION
Rebleeding of ruptured intracerebral aneurysms after coil embolization is rare, but the outcomes of rebleeding are serious or fatal. In this study, we suggested the risk factors of rebleeding, including the presence of ICH, presence of bleb, use of anticoagulants or thrombolytics, and occurrence of ACoA aneurysms. In cases of small ACoA aneurysms, unilateral hypoplasia of the A1 segment may influence rebleeding owing to hemodynamic stress.
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